Abstract Considering the significance of natural antioxidants to preserve meat, the present study was undertaken to evaluate the efficacy of a deflavored and decolorised extract of rosemary (StabilRose TM ) for the production and preservation of naturally colored fresh meat. Oxidative rancidity of meat and color degradation of paprika oleoresin were exploited as model systems and compared with butylated hydroxyanisole (BHA). The results showed similar efficacy for 3% carnosic acid extract and BHA, with further enhancement in efficacy with respect to the carnosic acid content. A synergetic antioxidant effect of carnosol on carnosic acid content was also noticed to an extent of 1:1 (w/w) ratio, and further increase in carnosol content showed no improvement in the antioxidant efficacy. Finally, stabilized paprika and optimized rosemary extract containing carnosic acid and carnosol in 1:1 (w/w) ratio was successfully applied to produce naturally colored meat suitable for storage at 4 ± 1°C.
Introduction
Food preservation is the science of prolonging the shelflife of a food either by preventing the growth of unwanted microorganisms and/or by regulating the chemical processes such as oxidation to maintain the original nutritional quality without compromising the organoleptic characteristics. Though various methods of food preservation were in practice since the time immemorial, modern methods were mainly based on storage, packaging, cooking and chemical treatments. However, preservation of food has always been a big concern in food industries, especially for food rich in fat since lipids are highly prone to atmospheric oxidation leading to rancidity and undesirable flavor (Maqsood and Benjakul 2011; Decker and Mei 1996) . Addition of antioxidants play a major role in modern food preservation methods owing to the fact that antioxidants can effectively prevent or delay the onset of auto-oxidation and rancidity (Rojas and Brewer 2007) . Though antioxidants are not necessarily acting as antimicrobial agents, they are demonstrated to be efficient in preserving the nutritional quality of food by protecting the vitamins, amino acids, and other phytonutrients such as carotenoids, anthocyanins and polyunsaturated fatty acids from oxidative damage (Ortega-Ramirez et al. 2014) . A number of synthetic antioxidants such as butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), tert-butylhydroquinone (TBHQ), and propylgallate have been developed over the years and approved as food additive (Shahidi 2000; Suh et al. 2005; EFSA 2011) . Despite the advantages of these antioxidants such as their high thermal stability, low dosage, regulatory status, and safety for use in food at specified concentrations, concerns regarding their uncontrolled usage and reports on plausible carcinogenicity and other adverse health effects have raised an apathy of consumers towards synthetic antioxidants (Wattenberg 2014; Williams et al. 1999) . Thus, there has emerged a global trend to use natural antioxidants, especially the botanical agents derived from fruits, vegetable and spices, as food preservatives (Regnier et al. 2012; Singh et al. 2010; Fasseas et al. 2008; Wojdyło et al. 2007; Véronique 2008) .
Rosemary (Rosmarinus officinalis L), a popular kitchen spice, has already been characterized as one of the richest source of antioxidant molecules (carnosic acid, carnosol, rosmarinic acid, rosmanol and ursolic acid) in addition to high volatile oil content suitable for flavor applications (Sandeep and Souravh 2014) . Standardized extracts of dried rosemary leaves containing definite percentage of carnosic acid and carnosol were introduced in the food industry during early 1990s and has now been turned as a leading natural antioxidant in the market (Erkan et al. 2008) . Considering the excellent safety profile, standardized solvent extracts of rosemary containing definite percentage of antioxidant molecules like carnosic acid and carnosol with stipulated levels of volatile oil have been approved as natural antioxidants by both European Union (E392) and the United States (EFSA 2015; USFDA 2013) . Currently, rosemary antioxidant extracts with various levels of carnosic acid/carnosol are available commercially under various brands, in a variety of forms including liquid emulsions and powder (Aguilar et al. 2008; Bozin et al. 2007 ). However, the availability of rosemary extracts with batch-to-batch consistency in antioxidant efficacy and flavor characteristics suitable for wide range of food and beverage applications is a major challenge. The basic reason for the inconsistency in antioxidant efficacy can be attributed to the solvent extraction and purification methods adopted by various manufacturers to prepare decolorized (to remove the green chlorophyll color and convert to golden yellow) and de-flavored/deodorized (to remove the volatile impurities and characteristic smell of rosemary) extracts. In the present contribution, the antioxidant efficacy of a proprietary extract of rosemary (StabilRose TM ; hereinafter referred to as 'SRL') containing various levels of carnosic acid and carnosol was investigated for its ability to quench the free radical mediated oxidative damage. Color degradation of oleoresin paprika and oxidative rancidity/lipid peroxidation of fresh beef meat were employed as the model systems. SRL range of rosemary extracts were obtained as completely de-flavored, free flowing golden yellow liquid (oil soluble) that do not impart any organoleptic changes when applied to food. Optimised rosemary extracts were further investigated to finalize the effective ratio of carnosic acid to carnosol content that gives a composition of SRL rosemary blend with synergistic antioxidant efficacy. Finally, the effect of application of SRL-stabilized paprika oleoresin on fresh meat to maintain and improve its natural red color and oxidative stability on long term storage was also monitored.
Materials and methods

General
All solvents for analysis were of HPLC grade and those for extraction were analytical grade from Merck, Mumbai, India. MilliQ Plus (Millipore) purified water was used for all experiments. Chemical standards such as carnosic acid, 2, 2-diphenyl-1-picrylhydrazyl (DPPH), thiobarbituric acid were purchased from Sigma-Aldrich, Bangalore, India. UV/VIS analysis was performed on Varian-Cary 5000 UV-VIS-NIR spectrophotometer (Varian Medical Systems Inc, California, USA). HPLC analyses were carried out on Shimadzu model LC 20 AT, with M20A photo diode array (PDA) detector (Shimadzu Analytical India Pvt Ltd, Mumbai, India), built-in with a reverse phase C18 column (250 9 4.6 mm, 3 lm) (Phenomenex, Hyderabad, India). Commission Internationale de l'E clairage (CIE) values of color hue were measured using a Hunter Lab Color Flex Ò Colorimeter (Hunter Associates Laboratory, Reston, VA).
De-odorized and decolorized SRL-rosemary extracts (StabilRose TM ) containing 3% carnosic acid (SRL03), 6% carnosic acid (SRL06) and 10% carnosic acid (SRL10), oleoresin paprika (100,000 CU) were kindly provided by M/s Akay Flavours & Aromatics Pvt. Ltd, Cochin, India. All the samples were standardized for carnosic acid, carnosol and 12-O-methyl carnosic acid contents by employing standardized HPLC procedure (Thorsen and Hildebrandt 2003) .
In vitro antioxidant effect by DPPH assay
The free radical scavenging effectiveness of SRL-rosemary extracts was primarily investigated by the method of Brand- Williams et al. (1995) . Briefly, a solution of DPPH in methanol was added to the solution of rosemary extract at different concentrations. The reaction mixture was stored in the dark at room temperature for 20 min and the absorbance at 517 nm was measured using a UV-visible spectrophotometer against methanol as blank. The control solution consisted of DPPH in methanol. The remaining level of DPPH was further calculated using the following equation: % of remaining DDPH = 100 9 [A s /A c ]; where A s is the absorbance of the sample and A c is the absorbance of the control. Triplicate measurements were conducted, and the results were averaged.
Effect of SRL on the oxidative stability of raw beef meat Separate samples of fresh meat from several commercial slaughter beef were ground. The meat samples were subdivided into five groups and subjected to one of the following treatments with 3 replicates as shown below.
Group 1 (control)-100 g meat without any antioxidant; Group 2-BHA (0.02%) ? 100 g meat; Group 3-SRL03 (0.1%) ? 100 g meat; Group 4-SRL06 (0.1%) ? 100 g meat; Group 5-SRL10 (0.1%) ? 100 g meat.
Sodium chloride [1% (w/w) of meat] was added to all meat samples during mincing. BHA dissolved in sun flower oil was used in Group 2. Same quantity of oil was added to all other groups to maintain uniformity. The concentration of SRL antioxidants was selected on the basis of early report (Basappa et al. 2014) . The volume of antioxidant extracts added was replaced with distilled water/oil in control and BHA samples. Immediately after adding all the ingredients, samples were mixed thoroughly using a planetary mixer for two minutes and the minced meat (100 g portions) was molded manually on a glass petri plate smeared with oil to form burger patties of uniform and smooth surface. These samples were designated as raw meat and were used in the present study. The raw meat was weighed, aerobically packaged in low-density polyethylene pouches, stored at 4°C for 0, 30, 70 and 90 days prior to the analyses.
Thiobarbituric acid reactive substances (TBARS)
The TBARS value of raw patties was determined using the extraction method described by Witte et al. (1970) with slight modifications. Brifely, 4 g sample was homogenized with 20 mL of 200 g/L trichloroacetic acid solution and centrifuged at 3000 9 g for 10 min. The supernatant (2 mL) was mixed with an equal volume of freshly prepared 1 g/L TBA in a glass test tube and heated in a water bath at 100°C for 30 min, followed by cooling under tap water. The absorbance of the mixture was measured at 532 nm using a UV-visible spectrophotometer. The TBARS value was then calculated using TBA standard curve and expressed in mg malondialdehyde per kg (mg MDA/kg).
Peroxide value
Lipid hydroperoxides were extracted from 1 g of raw meat with 10 mL of chloroform/methanol (2:1 v/v), following the method of Park et al. (2004) . After centrifugation at 3000 9 g for 5 min, 2 mL of the lower chloroform layer was mixed with an additional 1.3 mL of chloroform/ methanol (2:1 v/v) and then reacted with 16.7 lL of 3.94 mol/L ammonium thiocyanate and 0.072 mol/L ferrous chloride solutions. After 20 min of incubation at room temperature, the absorbance at 500 nm was measured and the peroxide value was then calculated on the basis of a standard curve prepared from cumene hydroperoxide (Shantha and Decker 1994) .
Effect of SRL on the color stability of paprika oleoresin
Common salt was collected from local market at Cochin, dried at 80°C for 8 h and used in the study. The set of samples of standardized paprika oleoresin having 100,000 CU color value were employed in the present study are shown below.
Group 1 (control)-100 g salt ? 0.5% paprika; Group 2-99.5 g salt ? 0.5 g paprika containing 0.03% (w/w) of BHA; Group 3-99.5 g salt ? 0.5 g paprika containing 3% (w/w) of SRL03; Group 4-99.5 g salt ? 0.5 g paprika containing 3% (w/w) of SRL06; Group 5-99.5 g salt ? 0.5 g paprika containing 3% (w/w) of SRL10.
Each sample was blended using laboratory mixer for 10 s, transferred into the petri plate and kept open under ambient conditions of temperature 26 ± 2°C and relative humidity 65°± 5°. A white fluorescent light was fixed above the sample plate at a height of 260 cm to have uniform light exposure in addition to the sunlight entering to the room. Each samples were investigated for the color stability on day 0, 5, 7, 12 and 15, using Hunter Lab Color Flex Ò Colorimeter by measuring the L * , a * , b * values.
Application of SRL stabilized paprika oleoresin to produce stabilized raw meat for long term storage
Separate samples of fresh meat from several commercial slaughter beef were ground. The meat samples were subdivided into six lots and subjected to one of the following treatments with 3 replicates as shown below:
Group 1 (control)-100 g meat without any antioxidant; Group 2-100 g meat ? 0.1% (w/w) stabilized paprika; Group 3-100 g meat ? 0.1% (w/w) of stabilized paprika ? 0.02% (w/w) of BHA; Group 4-100 g meat ? 0.1% (w/w) of stabilized paprika ? 0.1% (w/w) of SRL03; Group 5-100 g meat ? 0.1% (w/w) of stabilized paprika ? 0.1% (w/w) of SRL06; Group 6-100 g meat ? 0.1% (w/w) of stabilized paprika ? 0.1% (w/w) of SRL10.
Stabilised paprika was prepared by blending 3% (w/w) of SRL10 to 100,000 CU paprika oleoresin. Sodium chloride (1 g per 100 g) dissolved in distilled water was added to all samples. The patties were weighed, aerobically packaged in low-density polyethylene pouches, stored at 4°C for 0, 30, 70 and 90 days and analyzed for TBARS and peroxide values, as per the procedure discussed above. Another set of all the samples were separately kept for color stability studies using Hunter Lab Color Flex Ò Colorimeter, as explained below.
Measurement of color stability
Commission Internationale de l'Eclairage (CIE) a * (redness) values of raw frozen beef were measured using a HunterLab ColorFlex Ò Colorimeter (Hunter Associates Laboratory, Reston, VA). Higher a * values indicate a higher intensity of redness. Each sample using X-Rite reflection spectro-colorimeter, using illuminant D65 and 10°observer angle and the diameter of the port insert was 3.2 cm. The instrument was standardized using a standard white plate (L * = 95.87; a * = -0.49; b * = 2.39). Readings were obtained from three locations of each product randomly selected to obtain a representative reading of the color of the beef sample. The initial color of the sample patties were measured. These sample were wrapped with oxygen permeable cling film and stored in the refrigerator. The color measurement were also measured on 30, 70 and 90 days of refrigeration.
Effect of the ratio of carnosic acid to carnosol on the color and oxidative stability of paprika colored raw meat upon short term storage SRL antioxidants containing 10% total antioxidants (as measured by the sum of carnosic acid and carnosol), with varying ratio of carnosic acid to carnosol, as given below, were employed for the study (Table 1) .
Group 1 (control)-100 g meat without any antioxidants Group 2-100 g meat ? 0.1% (w/w) stabilized paprika; Group 3-100 g meat ? 0.1% (w/w) of stabilized paprika ? 0.1% (w/w) of SRL10A; Group 4-100 g meat ? 0.1% (w/w) of stabilized paprika ? 0.1% (w/w) of SRL10B; Group 5-100 g meat ? 0.1% (w/w) of stabilized paprika ? 0.1% (w/w) of SRL10C; Group 6-100 g meat ? 0.1% (w/w) of stabilized paprika ? 0.1% (w/w) of SRL10D.
Sodium chloride (1 g per 100 g) dissolved in distilled water was added to all samples. The patties were weighed, aerobically packaged in low-density polyethylene pouches, stored at 4°C for 0, 3, 9 and 15 days for raw patties. Oxidative stability of the raw patties were measured by TBARS and peroxide values, as per the procedure discussed above. Yet another set of all the samples were separately kept to check its color stability using Hunter Lab Color Flex Ò Colorimeter, as explained above.
Statistical analysis
Analysis of Variance (ANOVA) and multiple regression analyses were conducted using the software Statgraphics Centurion XV, Version 15.2.06 (Statpoint, Inc.) to identify significant treatment effects. The value of P \ 0.05 was considered to indicate statistical significance. All results are expressed as mean ± standard error of the mean (SEM).
Results and discussion
Systematic investigations on the safety, tolerance and efficacy of rosemary extracts containg various relative percentage of antioxidant molecules such as carnosic acid and carnosol have resulted in its approval as GRAS by USFDA and as a natural antioxidant (E392) by EFSA (USFDA 2013; EFSA 2015) . Despite the various process patents, each of the rosemary extract manufacturing companies have their own proprietary processes to produce flavor optmimised extracts with varying levels of carnosic acid and carnosol contents. Since the process of production and emulsifiers play an important role in the antioxidant efficacy of rosemary extracts, a systematic investigation of the effectiveness of each brand of rosemary extracts is of great significance. StabilRose TM range of de-odorized and decolorized rosemary antioxidants used in the present Since diterpenes may contribute to the unpleasant flavor characteristics, care was taken to keep the 12-Omethyl carnosic acid content low and to maintain a definite ratio of carnosic acid content to the total diterpenes in StabilRose extracts. The ratio of carnosic acid to carnosol was maintained at 1:1 level, in accordance with the early reports for better efficacy (Serrano et al. 2014 ).
In vitro antioxidant efficacy by DPPH assay
DPPH assay, one of the widely used primary analyses to determine the radical scavenging capacity of the antioxidants, was used as a measure of the in vitro efficacy of SRL extracts. DPPH scavenging activity of the extracts were found to be proportional to the concentration of carnosic acids. Radical scavenging activity of extracts with 3, 6 and 10% carnosic acids were found to be in the order SRL10 [ SRL06 [ SRL03 with an IC 50 value of 5.9, 9.3 and 10.0 lg/mL respectively. When the effect of carnosol content was investigated, it was observed that radical scavenging efficacy was found to increase with carnosol content and was maximum at 1:1 carnosic acid (CA) to carnosol (CL) ratio (10 C). The IC 50 values for extracts with varying CA content (SRL10A, SRL10B, SRL10C, SRL10D) were found to be 11.8, 4.3, 2.5 and 10.8 lg/mL respectively ( Table 2) .
Effect of SRL on the oxidative stability of raw beef meat
It was observed that the storage of raw meat develops a rancid off-flavor and decolorisation owing to the peroxidation of lipids in the meat. When the extent of lipid peroxidation was measured by TBARS assay, the MDA levels were found to be significantly increased (P \ 0.001) for the control sample, when compared with the SRLs/BHA treated samples, indicating the inhibition of lipid peroxidation by SRLs/BHA. The antioxidant efficacy of SRL extracts was in the order SRL03 \ SRL06 \ SRL10 with a carnosic acid dose dependency on their enhancement in efficacy. Even though the observed inhibition in oxidative rancidity in BHA and SRL03 treated groups was non significant with respect to the control group, the extent of rancidity as measured by MDA levels has shown significance during 30 to 90 days storage (Fig. 1a) . Synthetic antioxidant (BHA) showed a similar effect with that of SRL03 and the improvements showed by SRL06 and SRL10 were highly significant (P \ 0.01) with respect to BHA and control group. The onset of primary oxidative changes in fats and oils was usually identified by peroxide value, measures the extent of autoxidation reactions that leads to deterioration of fats and oils, which cause off-flavors and off-odors. Thus, peroxide value, the concentration of peroxides in an oil or fat, is a measure of the extent to which spoilage has advanced in meat (Park et al. 2004; Shantha and Decker 1994) . From the results it was observed that the oxidative rancidity measured as peroxide value increased distinctly in the control group during 30-90 days storage, whereas BHA and SRL treated groups effectively inhibited the autoxidation to a greater extend. Though the effect of SRL03 was not statistically significant (P [ 0.05) with respect to BHA, the inhibition by SRL06 and SRL10 was highly significant (P \ 0.01) (Fig. 1b) . The efficacy of SRL extracts were in the order SRL03 \ SRL06 \ SRL10, indicating the carnosic acid dose dependence on enhancing the efficacy. The relative reduction in peroxide value can be attributed to the antioxidant activity of the terpenes and terpenoids to prevent the peroxide formation during storage.
Effect of SRL on the color stability of paprika oleoresin
Paprika oleoresin is the crude solvent extract of the fruits of Capsicum (red chili pepper), which is widely used as a coloring agent in food and beverages. The orange red color of chilli is due to the carotenoids like capsanthin, capsorubin, b-carotene, lutein, and zeaxanthin which undergo rapid degradation in presence of light, heat and oxygen. Various synthetic antioxidants have already shown to reduce the color degradation of paprika oleoresin (Todd 1991; Rohlik et al. 2013) . Thus the present study evaluated the efficacy of SRL extracts in the color stability of a standardized paprika oleoresin having 100,000 CU color strength. The color strength was measured using Hunter Lab Color Flex TM Colorimeter which provides an objective way to quantitatively measure and compare the color of samples, by standardizing the elements necessary to view color. Three elements are necessary to see color: a light source, an object and an observer. A light source emits light that appears white, but when diffracted by a prism, represents all wavelengths in the visible light spectrum (400-700 nm). Colorimeters use illuminants, which are plots of relative energy versus wavelengths, to represent different light source under standardized and quantifiable conditions. Objects or samples modify light differently, depending on the colorants (e.g. dyes, pigments) that are present by selectively absorbing some wavelengths, while reflecting or transmitting others. The amount of light reflected or transmitted can be quantified to form a spectral curve of the object's color and characteristics. Finally, observer functions has been established using red, blue and green glass filters to stimulate the cone-shaped receptors in human eye and to quantify numerically the way in which the average human observer perceives color. Three dimensional scales such as CIE L * , a * , b * have been developed to objectively quantify color values. This scale defines color as follows: L * (lightness) axis: black to white (0-100); a * (red-green) axis: positive values are red; negative values are green; 0 is neutral and b * (yellow-blue) axis: positive values are yellow; negative values are blue; 0 is neutral. Fig. 1 Effect of SRL-blends on the oxidative stability of fresh beef patties upon 90 days storage at 4°C: a MDA level and b peroxide value. Data expressed as mean ± SEM It was found that when paprika [0.5% (w/w)] was plated on dry salt with less than 1% moisture content and placed in a petri dish under a uniform light source at ambient conditions of temperature (26 ± 2°C) and humidity (65°± 5°), the color of the salt faded and disappeared within 8 days (192 h) for the control group. But, when the paprika was blended with 0.02% of BHA, the color stability was found to be increased 1.3 times, as vident from the L * , a * , b * values. When SRL extracts were applied, the redness hue of the paprika was found to be more stabilized with a relative decrease in the rate of degradation as SRL10 [ SRL06 [ SRL03 (Fig. 2a, b) . Though the color stability of SRL03 was not significant (P [ 0.05) with respect to BHA group, the relative stability offered by SRL06 and SRL10 were significant (P \ 0.05) with respect to the BHA group. A photograph of the color stability offered by various SRL extracts on paprika oleoresin in comparison with the synthetic antioxidant BHA was shown in Fig. 3 .
Effect of SRL on the storage stability of paprikacolored raw meat
Spoilage of meat and meat products were mainly known to take place by three mechanisms; namely microbial spoilage, lipid oxidation and autolytic enzymatic spoilage (Dave and Ghaly 2011) . Lipid oxidation affects haem pigment of the meat which causes the redness of the meat to turn brown (Faustman et al. 2010) . Since redness of the meat play a key role in the determination of the quality of meat, attempts were going on to better protect the haem from oxidative damage. In addition to the methods for protecting the lipids from oxidation, application of stable natural colors extracted from safe fruits and Fig. 2 Effect of SRL-blends on the color stability of paprika oleoresin upon 15 days white light exposure: a redness value-'a vegetables is also a common practice (Kilic et al. 2014; Gray et al. 1996) . Carotenoid pigments isolated from nonpungent chilies (paprika) and tomatoes have already been used in meat and meat products for this purpose. Being the carotenoids, natural colors from paprika (capsanthin and capsorubin) and tomatoes (lycopene) are highly sensitive to light, heat and air. So, the paprika or tomato color need to be properly and adequately stabilized to apply to meat to provide naturally colored red meat suitable for longer storage. Though many synthetic antioxidants have already been used, the present study evaluated the efficacy of SRLrosemary extracts and compared the efficacy with BHA.
The decrease in MDA levels observed with SRL06 and SRL10 were highly significant (P \ 0.01) with respect to BHA group in a carnosic acid dose dependent way. But, the efficacy of SRL03 was not statistically significant when compared with BHA. Though the observed oxidative rancidity of the control group was non-significant with respect to the BHA and SRL03 treated groups, the extent of rancidity as measured by MDA levels were found to be increased remarkably during 30-90 days in the control group (Fig. 4a) . TBARS values of the various meat samples indicated the stability of raw meat for a period of 90 days of storage when treated with SRL-extracts. The average reduction of 66% in TBARS value was observed in SRL10 group and 59 and 51% in SLR06 and SLR03 respectively when compared to the control group.
When the peroxide values of meat samples were measured, the control sample with no antioxidant treatement showed high values indicating the high degree of autoxidation. Application of antioxidants could significantly reduce the peroxide formation. In the case of BHA group, the observed effect was comparable to that of SRL03. As the carnosic acid content was increased from 3 to 10%, the relative inhibition of peroxide values was 52% for SRL06 and 64% for SRL10 (Fig. 4b) .
The value of redness (a * ) of the raw meat without antioxidants was found to be decreased on storage due to the oxidation of haem pigments. It is also obvious that the redness is higher in samples containing the rosemary extract (SRL03, SRL06 and SRL10). The reason for enhanced stability was already shown to be the antioxidant efficacy to inhibit oxidative reactions and scavenge free radicals which affects the degradation of paprika pigment. SRL10 treated patties had significantly higher (P \ 0.05) a * values than the untreated control on all sampling periods. Additionally, the a * values of the SRL10 treatments were higher (P \ 0.05) than the values of SRL03 and SRL06 treated patties on all days. There were significant differences between the a * values of SRL03 and SRL06 treated patties at all time points. BHA treated patties had similar value to the SRL03 (Fig. 4c) . A photograph indicating the visual differences in colors of various treated samples was shown in Fig. 5 . The desirable red color associated with raw ground beef was most apparent in SRL10 treated sample and was least red in the untreated control group. Effect of the ratio of carnosic acid to carnosol on the storage stability of paprika-colored raw meat
Synergistic antioxidant effect has been demonstrated for rosemary extracts when blended with substances such as citric acid, tocopherols, ascorbic acid and green tea extracts (Breivik et al. 2009 ). While citric acid helps to stabilize the pH of the meat, tocopherol helps to disrupt the chain of lipid oxidation in cell membranes and prevents the formation of lipid hydroperoxides. However, the effect of various antioxidant molecules in rosemary extracts and their relative composition has not been studied in detail. In the present study, the relative composition of the two oil soluble antioxidants in rosemary leaves, (carnosic acid and carnosol), was investigated for its effect on both the oxidative and color stability of paprika colored meat patties on short term storage. Since carnosic acid and carnosol can chelate metal ions, scavenge free radicals, and inhibit oxidation in lipid-based systems (Yi et al. 2015) , their relative proportion could also be a very important factor of antioxidant efficacy. Moreover, most of the rosemary extracts available for meat applications have significantly different carnosic acid and carnosol content, despite the total antioxidant content as the sum of carnosic acid and carnosol was same.
In the present study, SRL extracts containing a total of 10% antioxidant content as the sum of carnosic acid and carnosol, but with varying proportions of carnosic acid to carnosol contents were employed for the studies. It was found that the MDA levels of the control meat sample and the meat treated with paprika was increasing with the storage days. When treated with SRL, there was significant reduction in the level of MDA. However, the reduction was dependent on the relative percentage of carnosic acid and carnosol content in the SRL blend. The maximum reduction in MDA levels was observed in the sample treated with SRL10C, where the carnosic acid and carnosol were present in a 1:1 (w/w) ratio (Fig. 6a) . When the carnosol percentage was decreased to 3:1 (w/w) ratio (SRL10B), MDA levels were found to be increased and it was significant (P \ 0.05) after 10 days of storage. When the carnosic acid to carnosol content was varied at 9:1 (w/w) ratio (SRL10A), MDA reducing effect was less as compared to SRL10C and SRL10B.
The observed effect of SRL10A was found to be similar to SRL10D, which contains only carnosol. So, from the order of MDA reducing capacity of the blends, as SRL10C [ SRL10B [ SRL10A [ SRL10D, it was found that the antioxidant ability of rosemary extract depends on the ratio of carnosic acid to carnosol which is maximum at (Fig. 6a) .
The peroxide values of meat samples, showed a significant reduction upon SRL10C treatment when compared to the control and other blended SRL samples, may be attributed to the presence of carnosic acid and carnosol in 1:1 (w/w) ratio (Fig. 6b) . Eventhough SRL10B [9:1 (w/w) ratio] could significantly inhibit peroxidation until 10 days of storage, after that showed an increase in the peroxide value when compared to SRL10C (P \ 0.05); whereas SRL10A [9:1 (w/w) ratio] and SRL10D was found to be less effective when compared to SRL10B and SRL10C. Therefore, it can be assumed that the antioxidant ability of rosemary extract depends on the ratio of carnosic acid to carnosol. Results from the present investigations revealed that the maximum efficacy is obtained at 1:1 (w/w) ratio; and any further increase in the carnosol content could not enhance the efficacy (Fig. 6b) .
The a * values of the SRL10C treated samples was found to be higher (P \ 0.05) than the values of other blended Fig. 6 Effect of SRL-blends with different ratio of carnosic acid to carnosol on the storage stability of paprika-colored fresh beef patties: a MDA level; b peroxide value and c redness value-'a SRL treated patties on all days. When the carnosic acid to carnosol content was varied at 9:1 (w/w) ratio (SRL10A), the color value was less as compared to SRL10C and SRL10B. The color value of SRL10A was found to be similar to SRL10D, which contains only carnosol. So, from the result the color value of all treated samples, showed as; SRL10C [ SRL10B [ SRL10A [ SRL10D, it was found that the antioxidant ability of rosemary extract depends on the ratio of carnosic acid to carnosol which is maximum at 1:1 (w/w) level. Further increasing the carnosol content could not accomplish any enhancement in the efficacy (Fig. 6c) .
Conclusion
The present contribution demonstrated the antioxidant efficacy of StabilRose TM range of deflavored and decolorized rosemary antioxidant extracts soluble in oils. The extract was free flowing golden yellow liquid formulated with edible oils like sunflower oil and canola oil to meet the regulations of USFDA and EFSA for natural antioxidants. While the extracts containing 3% carnosic acid showed similar antioxidant effect with that of BHA, the ability of the extracts to quench the free radical induced oxidative damage as measured by the color degradation of paprika oleoresin and lipid peroxidation of meat was found to increase with increase in carnosic acid content.
Carnosol was found to have a synergic effect with carnosic acid up to a concentration of 1:1 (w/w). Further increase in carnosol content does not produced significant increase in such a way that carnosol and carnosic acid alone at a particular concentration exhibited just similar antioxidant efficacies. Optimised rosemary extract standardized to both carnosic acid and carnosol was further demonstrated to be efficient to produce stabilized paprika oleoresin suitable for coloring the fresh meat to natural red colored meat suitable for storage.
